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Agonist interactions and selectivity in GABA, . receptors

B.A. Cromer, H.S. Tae and S. Petrou, Health Innovations Research Institute, School of Medical Sciences, RMIT
University, Bundoora, VIC 3083, Australia and Howard Florey Institute, University of Melbourne, Parkville,
VIC 3095, Australia.

Cys-loop ligand-gated ion channels constitute one obtwajor superfamilies of receptors mediating
rapid chemical synaptic transmission in the central nervous systeminihede cation selese dhannels that
are receptors forxeitatory neurotransmitters, acetylcholine and serotonin, and anionselé@innels that are
receptors for inhibitory neurotransmittergsaminolutyric acid (GABA) and glycine. Recent structural
information from snail acetylcholine binding proteinsC#BP), torpedo acetylcholine receptors and bacterial
homologs hee povided a good understanding of thea@ll structure of the superfamily and of specific details
of acetycholine-receptor interactions. For inhibitory receptors for Sam] glycine, havever, we havea much
more limited understanding of Waeceptors interact with and are selegdyi activated by particular agonists.

In this study we haveinvestigated interactions between GABand receptqrusing the homopentameric
p1 y-aminohutyric acid receptor (GAB) as a nodel for the broaderafmily of heteropentameric GAB,
receptors. W used homology modeling to identify a series of conserved charged residues at thebiBAIRg
site that we Wpothesized formed a series of aichage interactions likely to be important for interaction
with agonist, agonist selectivity and receptor \a@tion. We have tested this hypothesis using site-directed
mutagenesis in combination with two-electrode voltage clamp recording of recombinant recgptsseel in
Xenopus oogytes. Preliminary results @ revealed ley ceterminants of agonist seledty, particularly
determining sensitivity to the size or length of thatid, as well as receptor aetion or gating. These results
are consistent with our hypothesis and provide a basis for a more detailed understanding of agonist-recepto
interactions in inhibitory Cys-loop ligand-gated ion channels.
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Defining GABA , receptor pharmacology and physiologies through the disruption of receptor
protein interactions

M.L. Tierney,* VA.L. Seymour, J. Curmi,X W, Xu? and H.C. Chan,? 1The John Curtin School of Medical
Research, The Australian National University, Canberra, ACT 0200, Australia and 2Epithelial Céll Biology
Research Center, School of Biomedical Sciences, Faculty of Medicine The Chinese University of Hong Kong,
Shatin, Hong Kong.

GABA, receptors are the dominant inhibitory neurotransmgaéed ion channel in the central nene
system. ¥ haveidentified a n@el way in which these neuronal ion channels alter their electrical response.
Interactions between neighbouring, clustered @ABreceptors profoundly alter single-channel properties
(conductance and kinetics), leading to a significant enhancement of chanvigl @ctoss-talk’) (Everitt et al .,

2009). Interactionsvere identified using competitor peptides that mimic defined intracellular protein binding
sites. Peptides were applied directly onto inside-out membrane patches pulled from newborn rat hippocampal
neurons and single-channel currents were recorded. Combining the use of competitor peptides and single
channel recordings pvaded a visual insight into the dynamic nature of protein interactions that affect the
actwity of single GABA, ion channels. Specificallyhen applied to inside-out patches, a peptide mimicking

the MA helix of they2 subunit (y381-403) of the GAB , receptor abrogated the potentiating effect of the drug
diazepam on endogenous receptors by substantially reducing their conductance.

In addition to benzodiazepines, barbiturates, general anaesthetics and neurostezaitibden shan
to facilitate neuronal receptor cross-talk, that is, the drugs potentiaté&\-@étivated currents increasing both
channel open probability and conductance. Such drugeven ae predicted to act on dgrent GABA
receptor subtypesWe hypothesized therefore, that modulation of ion permeatias & general mechanism
through which all GAB\, receptor subtypes signal. Using a competitor peptide specifi&ctmtaining
GABA , receptors we tested our hypothesis. GABurrents were potentiated by the general anesthetic
etomidate and competitor peptides were applied to neuronal patches. Additionddfitheeptide lut not a
scrambled version or theMA peptide abrogated the potentiating effects of etomidate. These data support our
hypothesis and are aiding our understanding of the complerplay between drugs and ion channels and also
amongst the different GABAreceptors subtypes themselves.

Everitt AB, Seymour VA, Curmi J, heer DR, Gage PWTiernegy ML. (2009)Protein interactions uolving the
Y2 large cytoplasmic loop of GABAreceptors modulate conductanEASEB Journal 23: 4361-4369.
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Developing activation mechanisms for GABA, receptors
A. Keramidas, Queendand Brain Institute, QBI Building #79, S Lucia, QLD 4072, Australia.

The a1B2y2 and a3B3y2 ae two synaptic isoforms ofx-aminolutyric acid type A (GABR\,) receptor.
They are found at different synapses, for example in the thalamus, wheranddiate different inhibitory
postsynaptic current profiles, particularly with respect to the rate of current déeainetic characteristics of
both isoforms were irestigated by analysing single-channel currentgeroa wide range of GAB
concentrationsa1p2y2 channels exhibited briefer ae#i periods tharn333y2 channels wer the entire range of
agonist concentrations and had lower intrab open probabilities at subsaturating concentrationsvatiofi
mechanisms were constructed by fitting postulated reaction schemes to data recorded at saturating an
subsaturating GAB concentrations, simultaneousieaction mechanisms were raakaccording to goodness
of fit values to open and shut dwell histograms of single channeityactnd hav accurately thg smulated
ensemble currents. The highest ranked mechanism for both channels consistedegliemtial binding steps,
followed by three conducting and three nonconducting configurations. The equilibrium dissociation constant for
GABA at a3B3y2 channels vas (183 uM compared with(ll9 uM for a1pB2y2 channels, suggesting that GAB
binds to then3B3y2 channels with higher fifity. A notable feature of the mechanism was that tansecutie
doubly liganded shut states preceded all three open configurations. The lifetime of the third shuastate w
briefer for thea3pB3y2 channels. The longer ae#i periods, higher dinhity, and preference for conducting states
are consistent with the sler decay of inhibitory currents at synapses that cord&BBy2 channels. The
reaction mechanism we describe accurately simulates real macropatch and synaptic currents mediated by th
two GABA , receptor subtypes and may be appropriate for the analysis of othek G&Beptor isoforms. The
mechanism may also be applicable for the rationadstigation of the kinetic effects of therapeutic agents that
actvate and modulate GABAreceptors, in addition to mutated channels that gge to disease.
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Understanding the molecular and pharmacological basis of selectivity of nicotinic acetylcholine
receptor antagonists using reactie methyllycaconitine analogues

N.L. Absalom,* G. Quek,! J. Ambrus,> M.D. McLeod? and M. Chebib, TFaculty of Pharmacy, University of
Sydney, Camperdown, NSW 2006, Australia and 2Research School of Chemistry, Australian National University,
Canberra, ACT 0200, Australia.

The nicotinic acetylcholine recepto (NnAChR) mediatest synaptic transmission between neural cells.
The nAChR is a pentameric protein that contains gelaxtracellular domain, four transmembrane domains
(M1-M4) where the second M2 lines the channel pore, dvort M1-M2 and M2-M3 loops that me o gate
the channel and a & intracellular M3-M4 loop. There is a large amount of subunit heterogeneity within the
NAChR, which can be formed by specific combinatione2fL0 and32-4 receptors. The expression patterns of
receptor subtypes partly determine the physiological role of eaChRAubtype. Thus, pharmacological agents
that can distinguish between receptor subtypes meg tyaater selectivity for certain physiological process,
and may provide superior pharmacological agents.diheomomeric is potently and selectivity inhibited by
the toxin methylicaconotine (MLA) from the lakspur plant. Our aiaswo identify the site of the receptor that
conferred the binding selectivity to MLA on th& receptor and compare this to the corresponding residues on
the a4p2 receptor The a7, a4 or B2 cRNA was injected intoXenopus oocgytes that were renved from frogs
anaesthetized with tricaine and ion channel functias wneasured by the two-electrode voltage clamp
technique. Br efficient expression of the7 nAChR, cRM for the chaperone protein RIC-3 was co-injected.
To prevent the large desensitization properties of the nAChR, a mutant LI DNA was created by site
directed mutagenesis and all further mutations were studied with this background. Theutztion markdly
affected acetylcholine agtition but not MLA sensitiity. When varying concentrations of ACh were applied to
oogytes injected withn7 or a7L9'T after 3 minute incubation with a set concentration of MLA, the maximum
response was the same as for the maximum respongghtaldne. This suggests that the ACh is competing for
the same binding site with the MLA. Furthermore, the IC50 of MLA is significantly reduced ia4f#
nNAChRs, highlighting the selegtiy. When this experiment was performed on oocytes injected avifi2
nAChRs, the ACh the maximum response witthAand MLA was significantly lower than ACh alone,
indicating that the MLA was also binding at a sitefatdnt to the ACh-binding site. A previous published
crystal structure of the acetylcholine binding protein bound to MLA identified residues that interact directly with
the MLA molecule. W focused on tw stes where MLA was bound, including the Q79 residue whererale
antagonists and agonists of thé NAChR confer selectivity by interactions with this residue in ttteaeellular
domain. V¢ havemutated this residue to the lysine and threonine residues that are the homologous residues on
the a4 and 32 receptors, respeutly to create the Q79K LY and Q79T LIT mutant receptors. Whavealso
made the homologousv@sal mutations on the4 and (32 subunits to determine if the MLA inhibition is
altered. A second approach was taken by modifying MLA to contaystaice-reactie MLA molecule that can
tether to introduced cysteines on the target receptergplied this molecule to7 receptors with introduced
cysteine residues and identified one residue, S188T, kthere the addition of the cysteine reaetMLA
causes a permanent reduction in the current elicited by ACh. This indicates a strong association between thi:
residue and the site of the cysteine reactfoup in MLA binding. V@ havemade the corresponding mutations
in thea4 and 32 subunits to compare the residues that bind to MLA irChiR subtypes. Here we shohat the
while the residues that bind to seleetintagonists of n&€hRs can be predicted with homology models, the
mechanism by which these antagonists are sedeat best understood by studies using a combination of site-
directed mutagenesis and chemical modification.

Proceedings of the Australian Physiological Society http: //mww.aups.org.au/Proceedings/41/196P



Reciprocal regulation of expression of STIM1 and Orail proteins

L. Ma,! D.P. Wison,* G.J. Barritt? and G.Y. Rychkov,! 1School of Medical Sciences, University of Adelaide,
Adelaide, SA 5000, Australia and School of Medicine , Flinders University of South Australia, Adelaide, SA
5011, Australia.

Two proteins, stromal interaction molecule 1 (STIM1) and Orail constitute the minimum molecular
components of the Chrelease-actiated C&+ (CRAC) channel (Liotet al., 2005; Rooset al., 2005; Mg, et al.,

2006). STIM1 is predominantly located in the membrane of the endoplasmic reticulum (ER) and functions as a
molecular sensor of free ER €awhereas Orail is located on the plasma membrane and whesieacty
STIM1 forms the C# selectve pore of the channel @fominet al., 2006). While actration of CRAC channels
uniquely depends on the free¥aconcentration in the ER lumen, its inaetion is reyulated by both the free
ER [C&*] and the cytosolic [CH]. Fast C&™-depend inactition (FCDI) is a feedback mechanisms which
limits C&* entry through these channels ag#ive potentials and is regulated by Lainding to surce
composed of residues from both Orail and STIM1 (Mulehsl., 2009; Leeet al., 2009). Previously we
identified that FCDI of l.,. depends on the relaé expression leels of the STIM1 and Orail proteins
(Scrimgeouret al., 2009). Herein we present data that suggests the presence of ancthele@mdent
mechanism which regulates the wityi of CRAC channels. Specificallyhe expression of STIM1 and Orail are
interdependent and also [Ehdependent.

Heterologous expression of STIM1 and Orail was conducted in HEK293T cells using the plagmid/DN
vectors pEX-GFP-Myc-Orail, pCMV-Sport6-STIM1, pCMV-Sport6-Orail, Sport6-@Qv&it88 and pClneo-
hCIC-1 which were co-transfected atfdient ratios (between 1:8 and 8:1 of Orail:STIM1) using PolyFect
transfection reagent (Qiagen). The refatepression of STIM1 and Orail-GFP proteins was determined using
guantitatve western blot analysis using anti-STIM1 and anti-GFP antibodies. GAP&Huged as an internal
loading control.

Increasing the amount of Orail containing plasmid in the transfection mixture resulted in a significant
decrease in STIM1xpression. In contrast, control experiments using expression of, eibrefunctional
OrailA70-88 or the unrelated CIC-1 protein had no effect on the expressasdéSTIML, identifying that the
Orail-STIM1 interaction was not a non-specifideef of competition in co-transfection. Depletion of
intracellular C&" stores, using thapsagyin, which actiates C&* entry through CRE& channels, increased the
dependence of STIM1 expression on the Orail. In contrast, inhibitior?6&@y by 2-aminoethoxy-diphgh
borate (2-APB) or L# virtually abolished the interdependence of STIM1 and Orail expression.

These data indicate that the expression of STIM1 and Orail proteins is interdependentgaraltési rig
a Ca&?*-dependent manner which may provide an important cellular feedback mechanism to enable medium to
long term regulation of ER €ahomeostasis.
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